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Description

[0001] The invention relates to a Fischer-Tropsch cat-
alyst comprising cobalt and zinc, as well as to a method
for preparing such a catalyst.

[0002] A catalyst containing cobalt oxide and zinc ox-
ide for use in the synthesis of C4-C5 aliphatic hydrocar-
bons is known from US-A-4,039,302.

[0003] USP 4,826,800 describes a process for prepar-
ing a catalyst comprising cobalt and zinc oxide for use
after reductive activation as a catalyst in the conversion
of synthesis gas to hydrocarbons. The catalyst is pre-
pared by mixing a solution of a soluble zinc salt and a
soluble cobalt salt with a precipitant such as ammonium
hydroxide or ammonium carbonate and recovering the
precipitate. The ratio of carbonate to metal is high in the
described method, which has been found detrimental to
the strength of the catalyst.

[0004] USP 5,345,005 relates to a Cu-Zn catalyst on
alumina for the preparation of alcohols by hydrogenation
of e.g. a ketone. In a comparative example, the prepa-
ration of a Cu-Zn-Co catalyst on alumina is described,
wherein use is made of soda ash. However, the use of
soda ash is found to be potentially detrimental to the
strength of the catalyst. The particle size distribution
range within which 90 % of the volume of the Cu-Zn-Co
catalyst described in USP 5,345,005 lies, is not specified.
It is however expected that the use of soda ash in the
preparation of the catalyst leads to a broadening of the
particle size distribution.

[0005] US-A-5,945,458 and US-A-5,811,365 describe
a Fischer-Tropsch process in the presence of a catalyst
composition of a group VIII metal, e.g. cobalt, on a zinc
oxide support. Such a catalyst is made by first preparing
the support by adding a solution of zinc salt and other
constituents to an alkaline bicarbonate solution. Next,
the precipitate is separated from the bicarbonate solution
by filtration to form a filter cake, which can thereafter be
dried, calcined and loaded with the group VIII metal. The
catalyst material is then formed into tablets, which tablets
are crushed to form particles with a size of 250-500 p.m,
thatcan be usedinaFischer-Tropsch process. Additional
posttreatments such as crushing, are required in order
to obtain a catalyst powder with good strength properties.
However, the obtained average particle size, asindicated
above, is still relatively large. Moreover, crushing results
in a broad particle size distribution and catalysts with such
a large particle size and a broad particle size distribution
tend to be less suitable for processes involving a bubble
column, a slurry phase reactor or a loop reactor.

[0006] WO-A-01/38269 describes a three-phase sys-
tem for carrying out a Fischer-Tropsch process wherein
a catalyst suspension in a liquid medium is mixed with
gaseous reactants in a high shear mixing zone, after
which the mixture is discharged in a post mixing zone.
Thus mass transfer is said to be enhanced. As suitable
catalysts inter alia cobalt catalysts on an inorganic sup-
port, such as zinc oxide are mentioned. The surface area
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of the support used for the preparation of these known
catalysts is less than 100 g/m2. These prior art cobalt
based catalysts can be prepared by depositing cobalt on
a suitable support, such as a zinc oxide support, by im-
pregnation methodology. Other conventional prepara-
tion methods include precipitation routes, which typically
involve crushing of a hard filter cake of catalyst material,
resulting from the catalyst preparation process, into small
particles.

[0007] WO-A-03/090925 describes a catalyst com-
prising particles of a cobalt and zinc co-precipitate, said
particles having a volume average particle size of less
than 150 pum and a particle size distribution wherein at
least 90 % of the volume of the catalyst particles have a
size between 0.4 and 2.5 times the average particle size.
Although this catalyst is an improvement over the previ-
ously known catalysts, there is still room for improve-
ment, especially with respect to the balance of properties
required between the properties needed during activa-
tion on the one hand and attrition and activity properties
during FT operation on the other hand.

[0008] Inthe case of slurry-phase Fischer Tropsch cat-
alysts, always a good balance should be adjusted be-
tween activity (Fischer Tropsch performance) and sep-
aration properties. In that respect, the (powder) catalyst
should have an optimized particle size distribution giving
good mass-transfer and separation properties. These
properties should not change substantially during time
on stream in the process so that activity and separation
properties are retained over long periods of time.
[0009] Prior art supported cobalt catalysts for Fischer
Tropsch are generally based on a mechanically strong
support that is impregnated with a cobalt solution and
subsequently dried, calcined and reduced. Alternatively,
a mechanically strong cobalt-support system can be pre-
cipitated by optimizing the precipitation conditions. Such
formulations are mechanically stable in both the fluid-bed
catalyst activation and the slurry-phase Fischer Tropsch
reactor, although attrition in the Fischer Tropsch reactor
may lead to fines (submicron particles) formation and
consequently separation problems. The preferred parti-
cle size distribution to achieve good fluidization behav-
iour during fluid-bed activation is generally different from
the required, preferred particle size distribution for the
Fischer Tropsch process. The chosen particle size of the
fresh catalyst always forms a compromise between the
two.

[0010] The invention is based thereon that a (copre-
cipitated) Fischer-Tropsch catalyst based on cobalt on
zinc-oxide having a very specific particle size distribution,
has a very good balance of properties, especially with
respect to behavior during activation and during use.
[0011] The catalyst of the invention is accordingly de-
fined by the following particle size distribution by volume:

<10 % having a particle size below 1 micron,
70 - 99 % having a particle size between 1 and 5
micron, and
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< 20 % having a particle size above 5 micron.

[0012] Surprisingly it has been found that a Fischer
Tropsch (FT) catalyst comprising cobalt metal supported
on zinc-oxide and meeting the above particle size distri-
bution fulfils the requirements for a good FT-catalyst in
that it has good activation properties, that it has a strong
attrition resistance during operation, that it has good fil-
tration properties and that it has a good performance.
[0013] Inapreferred embodiment, the particle size dis-
tribution by volume is as follows:

< 10 % having a particle size below 1 micron,

75 -95 % having a particle size between 1 and 5
micron, and

< 15 % having a particle size above 5 micron.

[0014] The volume average particle size and particle
size distribution have been determined by the so-called
Fraunhofer diffraction method. Analyses were performed
on a Sympatec HELOS Laser Diffraction apparatus,
equipped with a SUCELL automated wet dispersing unit,
equipped with a small volume adapter (SVA). Measure-
ments were done in tetradecene, where the measuring
procedure contains the following parameters: measure-
ment particle size range 0.25-87.5 pum, measuring dura-
tion 20 sec. and cycle-time 100 msec., see also Exam-
ples. No ultrasonic treatment was applied prior to the
measurement.

[0015] A catalyst according to the invention has been
found to have a particular good mass and/or heat transfer
properties, when used in a catalytic process.

[0016] A catalyst according to the invention has been
found to be particularly favourable for use in a stirred
slurry-phase reactor, bubble-column reactor, loop reac-
tor or fluid-bed reactor.

[0017] Acatalystaccordingtothe invention shows very
favourable separation properties and can for example
very suitably be separated from the reaction mixture by
filtration.

[0018] A catalystaccording to the invention has an ex-
tremely good balance between activity and separation
properties

[0019] Preferably the volume average particle size of
the catalystis less than 50 pm, more preferably less than
25 um. The lower limit is not particular critical, provided
it meets the criteria of the invention. For practical purpos-
es it is preferred that the size is at least such that the
particles can still be separated from a liquid reaction mix-
ture. Particularly suitable is for example a catalyst with a
volume average particle size of 2 wm or more. Very good
results have been achieved with a catalyst having a vol-
ume average particle size in the range of 1.5-15 um.
[0020] Preferably the pore volume of the catalyst - as
determined by nitrogen adsorption (N,-BET), measured
on an Ankersmit Quantachrome Autosorb-6 apparatus,
after degassing the sample at 180°C to a pressure of 3.3
Pa (25 mTorr) - is at least mainly formed by pores having
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a diameter in the range of 5-100 nm. Much preferred
wherein there are essentially no pores with a diameter
of less than 5 nm (in particular less than 5 % of the pore
volume formed by pores with a diameter of less than 5
nm). It has been found that such a catalyst has particu-
larly good diffusion properties for reactant and product.
Such a catalyst has also been found to be highly selective
towards the Fischer-Tropsch reaction.

[0021] Very good results have been achieved with a
catalyst having a pore volume of less than 0.5 ml/g. The
pore volume is preferably at least 0.05 ml/g. Particularly
suitable is a catalyst with an pore volume of less than
0.45 ml/g.

[0022] Such a catalyst has been found to have partic-
ularly good physical strength properties, which is advan-
tageous in applications in various types of reactors, in-
cluding slurry-phase reactors, loop-reactors, bubble-col-
umn reactors and fluid-bed reactors.

[0023] The catalyst of the invention is based on cobalt
on zinc oxide. The composition of the catalyst can be
varied widely, which composition the skilled professional
willknow to determine, depending upon the intended pur-
pose. Preferably, the zinc to cobalt atomic ratio is in the
range of 75 to 0.1, preferably of 40 to 0.1 and more pref-
erably in the range of 20 to 0.3.

[0024] The catalyst may essentially consist of cobalt
and zinc oxide. It is however also possible that the cat-
alyst contains one or more other components, such as
components that are commonly employed in Fischer-
Tropsch catalysts. For example the catalyst may contain
one or more promoters, such as ruthenium, hafnium, plat-
inum, zirconium, palladium, rhenium, cerium, lanthanum
or a combination thereof. When present, such promoters
are typically used in a cobalt to promoter atomic ratio of
up to 10:1.

[0025] It has been found that a catalyst according to
the invention comprising at least one group llla element,
preferably in a concentration of 0.1-10 wt % based upon
the total weight of the catalyst, has a very favourable
structural stability. Preferred group llla elements include
aluminium (Al), gallium (Ga) and borium (B), of which
aluminium is particularly preferred.

[0026] Very good results have been obtained with a
catalyst according to the invention which is essentially
free of sodium. It has been found that a catalyst contain-
ing a relatively high amount of sodium is reduced in
strength. Further, the presence of sodium has been found
to be detrimental to the activity of the catalyst, reducing
its Fischer-Tropsch activity. Therefore, a catalyst with a
sodium content of less than 0.5 wt. %, more in particular
of 0 to 0.15 wt. %, even more in particular of 0 to 0.1 wt.
% based upon the weight of the catalyst, is preferred.
[0027] Very good results have been achieved with a
catalyst according to the invention having a low content
of copper or being essentially free of copper. Copper may
stimulate side reactions, such as the formation of an al-
cohol by hydrogenation of a ketone, an aldehyde or a
carboxylic acid, which are usually preferably avoided or
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suppressed, especially in a Fischer-Tropsch process.
The copper content is preferably less than 2 wt. %, more
preferably 0 to 0.5 wt % even more preferably 0 to 0.2
wt. %, based upon the weight of the catalyst.

[0028] The preparation of the catalyst of the present
invention comprising cobalt and zinc oxide, can be done
by co-precipitation of cobalt and zinc ions.

[0029] Inorderto produce the catalyst with the specific
structure, various options are available.

[0030] A very suitable method is based on the method
described in WO 03/090925, whereby the process is
modified in such a way that the structure of the present
invention is obtained. This can, for example, be done by
changing the stirring speed or the rate of injection of the
solution(s) in the reaction vessel or by applying other
types of agitation. As the particles of the catalyst of the
present invention are generally smaller and have a dif-
ferent particle size distribution, compared to said docu-
ment, higher stirring speeds, shorter contact time and/or
higher injection speeds are preferred.

[0031] Inthealternative one may produce first particles
that are within the ranges of WO 03/090925 following
which the particles are comminuted to obtain the catalyst
of the invention, for example by ultrasonic treatment or
another comminuting treatment.

[0032] Generally the process comprises a coprecipi-
tation method, wherein an acidic solution comprising zinc
ions and cobaltions and an alkaline solution are supplied
to a reactor comprising an aqueous medium, preferably
water or an aqueous solution, wherein the acidic solution
and alkaline solution are contacted in the aqueous me-
dium and a precipitate comprising cobalt and zinc is
formed. The precipitate is thereafter separated from the
aqueous medium (which may have formed a slurry to-
gether with the precipitate). The separated cobalt and
zinc comprising precipitate is then dried and may be post-
treated, e.g. calcined, etc, to form said catalyst.

[0033] The combination of acidic solution and alkaline
solution is preferably chosen such that the components
of the acidic solution and of the alkaline solution are sol-
uble in the aqueous medium, but that the cobalt and zinc
precipitate when they are contacted with the alkaline so-
lution, while the counter ions of zinc and cobalt substan-
tially remain in solution. The skilled professional will know
how to choose appropriate conditions, such as the type
of counter ions and the concentrations for each of the
components.

[0034] This method has been found to be particularly
suitable for preparing a catalyst as described above.
[0035] It has been found that a method according to
the invention allows the direct preparation of a particulate
precipitate that acts as a free flowing catalyst precursor,
directly after drying, i.e. it allows the preparation of a pre-
cipitate that does not have to be crushed or otherwise
mechanically treated to form a particulate material. It is,
however, possible to design the process in such a way
that first a material is prepared that afterwards can be
converted to the final catalyst by comminution.
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[0036] Preferably the precipitation of particles is car-
ried out at a substantially constant pH, in particular at a
pH value varying at most £0.2 pH units around a set-
point value. Thus it has been found possible to make a
catalyst precursor with very favourable free flowing char-
acteristics and good mechanical strength properties.
[0037] Preferably, the alkaline solution and the acidic
solution are supplied to the reactor simultaneously (from
separate conduits).

[0038] Optionally the cobalt in the isolated and dried
precipitate or calcined product is reduced to metallic co-
balt

[0039] Suitable sources forionic zinc respectively ionic
cobalt include salts thereof that are soluble in the acidic
solution and in water in a sufficient concentration. Pre-
ferred examples of such salts include zinc nitrate respec-
tively cobalt nitrate and zinc acetate respectively cobalt
acetate and other inorganic or organic salts of cobalt re-
spectively zinc that have a similar solubility in the acidic
solution

[0040] Suitable components for co-precipitating with
the cobalt ions and zinc ions present are inorganic salts
and organic salts that are soluble in an aqueous alkaline
solution in a sufficient concentration, such as hydroxides,
carbonates, urea, isocyanates and any other salt that
can be used as base source and that can be dissolved
water of in the alkaline solution. Preferred examples of
such salts include ammonium carbonate, ammonium bi-
carbonate and other inorganic or organic salts of carbon-
ate that have at least a similar solubility in the alkaline
solution.

[0041] Preferably the total concentration of zinc and
cobaltions inthe agueous medium is chosen in the range
of 0.1 to 5 moles/litre. The concentration is preferably
kept within this range throughout the precipitation step.
[0042] The pH of the acid solution is preferably in the
range of 1-5. The pH of the alkaline solution is preferably
in the range of 6-14. The pH in the aqueous medium
(wherein the co-precipitation takes place) is preferably
in the range of 4-9, depending upon the type of precursor
salts used as a source for cobalt, zinc and alkaline com-
ponent(s).

[0043] The stirring frequency is very suitably chosen
to obtain apowerinputinthe range of 1-300 kW/laqueous
medium. Very good results have been achieved with a
power inputin the range of 10-100 kW/laqueous medium.
[0044] The temperature during the co-precipitation
process is preferably chosen in the range of 5-98 °C,
more preferably in the range of 15-75 °C.

[0045] The presentinvention further relates to the use
of a catalyst according to the invention in a slurry reactor,
a loop reactor, a bubble-column reactor or a fluid-bed
reactor. The present invention further relates to the use
of a catalyst according to the invention in a Fischer-Trop-
sch process or a functional group hydrogenation process,
such as nitrile hydrogenation to amines.

[0046] The invention is further illustrated by the follow-
ing examples.
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EXAMPLE 1 Catalyst preparation

20% Co/Zn0O catalyst.

[0047] 23.4 kg Zn(NO3),.6H,0 and 8.3 kg Co(NOs3),.
6H,0 were dissolved in 80 liter water. A separate solution
was made consisting of 11.68 kg ammoniumcarbonate
in 80 liter water. Both solution were simultaneously
pumped into a heel of water (130 liter), while stirring the
solution at 75°C. After completion the precipitation proc-
ess, an extra amount of ammoniumcarbonate solution
was added to increase the final pH to 7.1.

[0048] After completing the precipitation process, the
precipitate was transferred to a filter press and exten-
sively washed untilammonium- and nitrate-free. The filter
cake was subsequently dried in aflash dryer and calcined
for 5 hours at 500°C.

[0049] 2.5 kgs of the calcined catalyst precursor were
loaded into a fluid-bed reactor and reduced in a stream
of 25% hydrogen in nitrogen. The reduction was carried
out for 6 hours at 335°C. After completion of the reduc-
tion, the fluid-bed unit was unloaded into a slurry-phase
Fischer Tropsch loop-reactor, which was filled with wax
as the reaction medium. Particle size distribution analysis
showed a breakdown of the initial particles in the first 30
hours on stream, whereby the average particles size de-
creased from 24.9um to 2.6um. The catalyst showed
excellent Fischer Tropsch performance, while retaining
also good separation behaviour during the Fischer Trop-
sch run.

Example 2 Measurement of the particle size distribution.

[0050] The volume average particle size and particle
size distribution have been determined by the so-called
Fraunhofer diffraction method. Analyses were performed
on a Sympatec HELOS Laser Diffraction apparatus. A
representative sample of catalyst, dispersed in tetra-
decene, was loaded into the small volume adapter (SVA)
of the SUCELL dispersing unit, and measurements were
performed with the following settings: measurement par-
ticle size range 0.25-87.5 pm, measuring duration 20
sec. and cycle-time 100 msec. Stirrer speed and pump
speed were adjusted at 60% and 70%, respectively. No
ultrasonic treatment was applied prior to, or during, the
measurements. Particle size distribution was calculated
as a volume distribution.

Example 3 - Catalytic performance of catalyst in Fischer-
Tropsch reaction

[0051] A catalyst with a cobalt content of 20 wt. % was
prepared. Apart from the different cobalt content, the
preparation conditions and the particle size distribution
of the catalyst were the substantially the same as in Ex-
ample 1.

[0052] A sample of catalyst (20g) was reduced in a
3.5cm OD tubular reactor. The reactor was purged with
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nitrogen at a space velocity (GHSV) of 1000 h-1 at at-
mospheric pressure. The temperature was raised at
2°C/min to 60 °C. The gas feed was then switched over
to air at 1000 GHSV. The temperature was then raised
at 1°C/min up to 250°C and held there for 3 hours. The
gas flow was then changed to nitrogen at 1000 GHSV
for 6 minutes and then the feed gas was switched to
carbon monoxide at 1000 GHSV and held for 3.5 hours.
[0053] The feed gas was then changed back to nitro-
gen and the temperature ramped at4°C/min up to 280°C.
Once at 280°C, the feed gas was then switched to hy-
drogen at 2500 GHSV and held there for 10 hours. The
reactor was then cooled to room temperature and purged
with nitrogen prior to transfer to the reactor.

[0054] The catalyst was transferred under nitrogen
purge to a 600ml continuous stirred tank reactor (CSTR)
that had been filled with squalane (300ml;Aldrich). The
reactor was sealed and heated up to 125 °C with a nitro-
gen flow of 250 ml/min. The feed gas to the reactor was
then switched to syngas at 8000 GHSV, the stirrer speed
increased to 700 rpm and the temperature ramped at
2°C/min up to 130°C. The reactor was then pressurised
to 20 barg at 30 bar/hr. The temperature was then ramped
at 60°C/hour up to 160°C, 5°C/hour up to 175, 1°C/hour
up to 185, 0.5°C/hour up to 205°C and 0.3°C/hour up to
212°C. Automatic temperature control was then used to
maintain the %CO Conversion at 60%.

[0055] After 40 hours on stream a C5+ productivity of
608 g/litre of catalyst/hr was obtained at a temperature
of 226°C.

Claims

1. Catalystsuitable for catalyzing a Fischer-Tropschre-
action, said catalyst comprising cobalt metal sup-
ported on zinc-oxide and having the following particle
size distribution by volume:

<10 % having a particle size below 1 micron,
70 - 99 % having a particle size between 1 and
5 micron, and

< 20 % having a particle size above 5 micron.

2. Catalyst according to claim 1, having the following
particle size distribution by volume:

<10 % having a particle size below 1 micron,
75 -95 % having a particle size between 1 and
5 micron, and

< 15 % having a particle size above 5 micron.

3. Catalyst according to claim 1 or 2, wherein the vol-
ume average particle size is less than 25 pm, pref-
erably 1.5to 15 pm.

4. Catalyst according to claim 1-3, wherein the pore
volume is mainly formed by pores having a diameter
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within the range of 5-100 nm.

Catalyst according to any of the preceding claims,
wherein the pore volume is less than 0.5 ml/g, pref-
erably less than 0.45 ml/g.

Catalyst according to any of the preceding claims,
wherein the surface area is less than 120 m2/g, pref-
erably in the range of 5-100 m2/g.

Catalyst according to any of the preceding claims,
wherein the zinc to cobalt atomic ratio is in the range
of 75 to 0.1, preferably 40 to 0.1

Catalyst according to anyone of the claims 1-7,
wherein one or more promoters, such as ruthenium,
hafnium, platinum, zirconium, palladium, rhenium,
cerium, lanthanum or a combination thereof are
present, typically in a cobalt to promoter atomic ratio
of up to 10:1.

Use of a catalyst according to any of the claims 1-8
in a Fischer-Tropsch process or a functional group
hydrogenation.

Fischer-Tropsch process, characterized in that a
catalyst according to claim 1-8 is used.
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